Within recent times, a new form of cardiomyopathy h a s made its appearance amoung heavy beer drinkers (1,2). This was subsequently linked by other workers with the element cobalt in the form of a beer additive (3). Experimental studies (43) have reproduced some of t h e features of the human disease in the rat. The results of our initial investigation, aimed at establishing experimental cobalt cardiomyopathy in the hearts of large animals, are reported elsewhere (6). This study provides a description of the morphologic changes in the cobalt-treated dog.
Within recent times, a new form of cardiomyopathy h a s made its appearance amoung heavy beer drinkers (1, 2) . This was subsequently linked by other workers with the element cobalt in the form of a beer additive (3). Experimental studies (43) have reproduced some of t h e features of the human disease in the rat. The results of our initial investigation, aimed at establishing experimental cobalt cardiomyopathy in the hearts of large animals, are reported elsewhere (6) . This study provides a description of the morphologic changes in the cobalt-treated dog.
METHODS AND MATERIALS
Four groups of young dogs (30-35 kg) were established -as follows: Group 1 (6 dogs) for five weeks received a protein-free, thiamin-free diet supplemented with 4% casein. Group 2 (6 dogs) received a regular diet together with cobalt sulfate (12.5 mg/kg) in sterile buffered solution (pH 7.1) daily for three weeks. Group 3 (16 dogs) received a protein-free, thiamin-free diet supplemented with 4% casein and cobalt sulfate daily for three weeks. This mixture w a s administered intravenously (4 dogs), intraperitoneally (4 dogs), and intramuscularly (4 dogs). T h e animals in Group 4 each received a protein-free, thiamin-free diet which was supplemented with 8% casein and cobalt sulfate (12 mg/kg) every other day for 6 weeks by the intravenous, intraperitoneal, or intramuscular route. The animals were sakrificed by air injection. At autopsy, the heart, lungs, liver, and kidneys were examined grossly. Tissue blocks were selected from appropriate areas of the myocardium. These were fixed in neutral formalin (10%) for light microscopy, and in gluteraldehyde or osmic acid for electron microscopy. They were subsequently embedded. Thin sections (2 microns) were stained with hematoxylin and eosin, and with toluidine blue; similarly treated blocks were also taken from the lungs, liver, and kidneys.
RESULTS
Marked bilateral hydrothorax was observed in dogs from Groups 3 and 4. The lungs were heavy, edematous, and acutely congested. The lungs from 4 dogs showed widely scattered areas of infarction. The hearts were pale, soft, and flabby. The ventricles were markedly dilated. The papillary muscles were pale; the valve cusps showed no significant changes. The red-brown livers were enlarged. The capsule was tense, and the parenchyma bulged when it w a s incised. Fresh blood oozed from the cut surface. The kidneys were slightly enlarged and deep red in color; fresh blood flowed from the cut surface. The corticomedullary junction was distinct. The remaining abdominal viscera also showed findings consistent with acute passive congestion.
Light microscopy revealed the myocardial fibers to be separated by a significant amount of intercellular edema. lntracellular hydropic degeneration caused the fibers to become pale and swollen with loss of striations ( Fig. lb) . There w a s a frequent accumulation of lipochrome pigment around the myocardial nuclei (Fig. 2 ). In older lesions, the nuclei exhibited pyknosis and karyolysis. the cell outlines became indistinct; many cells completely disappeared, leaving areas of focal myocardial necrosis, but without accompanying inflammatory exudate (Fig. 3) . These were not restricted to this location. The lungs showed marked edema and congestion. The alveolar lumens were often filled with pink-staining homogeneous material (edema fluid). The bronchial and pulmonary vessels and the alveolar capillaries were widely distended and filled with intact red blood cells. There were numerous areas of parenchymal hemorrhage. In four lungs, there were widely scattered areas of hemorrhagic necrosis with only the ghost outlines of alveolar walls persisting (red infarction) ( Fig. 4) . Electron microscopy of the myocardium revealed additional alterations, especially in the atria. The cytoplasm showed vacuolization, disruption of the myofilaments, swelling and degeneration of the mitochondria, and dense cvtodasmic osmophilic particles. The lipochrome pigment was especially prominent in the electron micrographs (Fig. 5) . The liver showed marked distension of the sinusoids in all hepatic zones. Those in the central zones were often so dilated that the hepatic cells were reduced by pressure atrophy to thin cytoplasmic cords. The renal tubular cells showed marked cloudy swelling and hydropic degeneration. The tubular lumens were narrowed; many were almost obliterated. The glomeruli were congested; the capillary loops were distended.
DISCUSSION
T h e injurious effect of cobalt upon the mocardium appears to be the result of the interference by CO++ ions with myocardial energy metabolism, as they irreversibly chelate with the dithiol form of lipoic acid (7,8) , inactivating the coenzyme required for the oxidative decarboxylation of pyruvate to acetyl coenzyme A, and alpha ketoglutarate to succinate (9). Pyruvate and lactate accumulation in the mitochondria increases the osmotic pressure causing water-binding, edema, and structural disruption (10). The anatomical changes in the myocardium are of special significance. Lipochrome pigment, a common finding in aged hearts, represents a definite abnormality in the hearts of young animals. The degenerative changes within the myocardial cells as well as the focal necrosis are consistent with the known effects of cobalt toxicity in this organ. The swelling and degeneration of the mitochondria h a s been described previously as a characteristic ultramicroscopic change consistent with cobalt toxicity (1 1). The osmophilic granules within the cytoplasm are thought by some workers to represent the frag-ments of the destroyed mitochondria1 cristae (12) .
It was of interest to note that thc necrotic areas in the myocardium were devoid of accompanying intlC tration of inflammato~ cells. Similar observations have 5een made in human cobalt cardiomyopathy(4).The sarcoplasmic changes and the disruption of the mitochondria described in the heart of the cobalt-treated rat (5) were substantiated in the dog heart, but the polypoid vegetative endocarditis developixl on the valve cusps did not appear in the dog, perhaps indicative of a species difference. It has been pointed out by Grice et a/. (11) that factors other than cobalt may modify the response of the myocardium: the age of the organ, the adequacy of diet, preexisting myocardial damage must be taken into consideration in the proper evaluation of the observed alterations.
The acute congestion of the lung is a morphologic expression of terminal left ventricul~r heart failure; that noted in the liver, kidnev, and other abdominal viscera * Fig. l a Section of normal canine myocardium. H and E, X200.
1.
2.

3.
4.
5.
6.
7.
8.
9.
is-a consbquence of terminal right heart failure. The cloudy swelling of the renal tubular cells reflects the anoxia brought on by the congestive circulatory impairment. The pulmonary infarcts are a further indication of the severity of vascular impairment in the lungs. These data would indicate that Co++ exerts a profoundly injurious effect upon the myocardium, eventuating in t e~i n a l circulato~ disruption. 
